Optical coherence tomography (OCT) and histopathology features of commotio retinae (CR) have been established, but alterations of the microvascular macular capillary plexus on OCT angiography (OCTA) has not been previously studied. We present a 46-year-old man who sustained a tennis ball injury to the right eye with visual acuity reduction to 20/30 and grey-white deep macular discoloration, suggestive of CR. Spectral-domain OCT (SD-OCT) showed increased reflectivity and thickness of the ellipsoid zone (junction of photoreceptor inner and outer segments). OCTA revealed no apparent microvascular alterations (right versus left eye) in the foveal avascular zone superficial (0.42 vs. 0.43 mm 2 ) and deep (0.45 vs. 0.44 mm 2 ), superficial foveal capillary density (34.1 vs. 32.6%), and superficial parafoveal capillary density (55.2 vs. 52.2%). Deep macular capillary plexus and choriocapillaris were qualitatively comparable between the two eyes. At 2 months' follow-up, SD-OCT had normalized. CR is characterized by disruption of the ellipsoid zone without detectable alteration of the capillary plexuses.
Introduction
Commotio retinae (CR) is an outer retinal disturbance that follows blunt trauma to the eye and can lead to temporary or permanent loss of vision [1] [2] [3] [4] [5] [6] [7] . This condition is not uncommon in clinical practice and especially related to sports injuries or traffic accidents. Clinically, CR is characterized by transient gray-white retinal discoloration accompanied by fairly abrupt reduction of visual acuity following closed-eye blunt globe trauma [2, 3, 8] . The fundus findings can be limited to the posterior pole (Berlin's edema [9] , traumatic maculopathy) or peripheral areas of the retina (retinal contusion). Histopathologically, CR is characterized by disruption of the photoreceptor outer segments (OS), typically without injury to other retinal layers [4] . Using spectral-domain optical coherence tomography (SD-OCT) the condition has been recognized as a disturbance in the ellipsoid layer with hyperreflectivity [1] [2] [3] 5] . Herein, we describe novel OCT angiography (OCTA) findings of both the superficial and deep capillary plexus in CR.
Case Report
A 46-year-old male army colonel sustained blunt injury to the right eye following direct contact with a tennis ball to the closed eyelid. Three hours later, visual acuity was 20/30 in the right eye and 20/20 in the left eye with central corneal abrasion, mild anterior chamber cells, flare, and a localized gray-white oval discoloration in the macula of the right eye. Topical corticosteroid ointment and systemic corticosteroid (50 mg prednisone daily for 5 days) were started. At 20 h following trauma, high-definition SD-OCT and OCTA were obtained through clear cornea.
Results
By SD-OCT (Optovue Inc., Fremont, CA, USA) central macular thickness was 262 μm in the right eye and 271 μm in the left eye, and there was broad increased reflectivity of the ellipsoid layer (junction of photoreceptor inner segment [IS] and OS) in the region affected by CR ( Fig. 1 ). The inner retinal architecture was preserved. OCTA using AngioVue ® (Optovue Inc.) revealed no qualitative microvascular alterations in the capillary plexus and choriocapillaris ( Fig. 2 ). Quantitative measurements (right versus left eye) included the foveal avascular zone superficial (0.42 vs. 0.43 mm 2 ) and deep (0.45 vs. 0.44 mm 2 ), foveal capillary density superficial (34.1 vs. 32.6%), and parafoveal capillary density superficial (55.2 vs. 52.2%) ( Fig. 2, 3 ). One week after trauma, visual acuity had returned to 20/20 in each eye with minimal residual grayish hue without a foveal reflex in the right eye. Repeat SD-OCT 2 months after trauma revealed resolution of the reflectivity at the ellipsoid layer in the right eye and normal central macular thickness (246 μm right vs. 251 μm left) in each eye (OCT 3D-2000 Topcon FA plus, Topcon, Tokyo, Japan).
Discussion
In the current study, no evident alterations of the retinal or superficial choroidal vessels were noted in CR. Hence, there was absence of any occlusion of the retinal capillaries in the area of grayish discoloration of the retina; in contradistinction, indocyanine green angiography showed a defect in choroidal inflow, probably corresponding to spasm of the choroidal artery, at the CR lesion site in 9 out of 21 patients [8] . Hashimoto et al. [10] documented a decrease in the choroidal blood flow using laser speckle flowgraphy in one case of CR. It could be argued that OCTA was done 24 h after trauma and missed the acute spasm of the superficial choroidal circulation, or that the trauma was not very severe to induce a vasogenic response. Swept-source OCTA and indocyanine angiography were not done in the current case to analyze the changes in the deeper choroidal circulation.
There is absence of intraretinal edema in most cases of mild to moderate CR as there is no thickening of the retina, hence Berlin's edema is a misnomer. In 1873, Berlin [9] attributed the grayish discoloration of the fundus to the extracellular retinal edema. The junction between outer photoreceptor and retinal pigment epithelium is a sensitive junction and is most susceptible to disruption from minor or severe blunt trauma. Using SD-OCT, Souza-Santos et al. [1] noted that mild CR showed transient hyperreflectivity of the outer retina implicating good prognosis, whereas disruption of the IS/OS junction in more severe CR, especially with hyperreflectivity of the overlying retina, was associated with poor vision prognosis. Similarly, Ahn et al. [5] divided CR severity into four grades useful also in predicting visual outcomes: increase in IS-OS junction reflectivity with the disappearance of the thin hyporeflective optical space (grade 1), cone OS tips defect only (grade 2), cone OS tips and IS-OS junction defects (grade 3), and cone OS tips, IS-OS junction, and external limiting membrane defects (grade 4). Itakura and Kishi [2] and Pham et al. [3] documented restoration of photoreceptor OS in CR by SD-OCT along with visual recovery after blunt trauma as in our case. More severe ocular injuries resulted in retinal pigment epithelium disruption in the macular region and irreversible loss of vision [1] . In general there is an average visual gain of 0.18 logMAR after macular CR within 3-4 weeks after trauma [6] .
Conclusion
We did not detect any retinal vascular changes (superficial plexus, deep plexus, choriocapillaris) in CR by OCTA localizing the damage to the OS layer well described by histopathology (disruption of the IS/OS junction) and SD-OCT (increased reflectivity of the photoreceptor OS). Further analysis of the choroidal circulation in CR by swept-source OCT is needed.
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